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(57) ABSTRACT 

A method, system and program product for executing a multi 
function instruction in a computer system by specifying, Via 
the multi-function instruction, either a capability query or 
execution of a selected function of one or more optional 
functions, Wherein the selected function is an installed 
optional function, Wherein the capability query determines 
Which optional functions of the one or more optional func 
tions are installed on the computer system. 
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OPTIONAL FUNCTION MULTI-FUNCTION 
INSTRUCTION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This is a divisional of US. patent application Ser. 
No. 10/435,916 “CIPHER MESSAGE ASSIST INSTRUC 
TIONS” ?led May 12, 2003 and assigned to IBM. The dis 
closure of the forgoing application is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to computer system architec 
ture and particularly to neW instructions Which augment the 
IBM Z/Architecture and can be emulated by other architec 
tures. 

[0003] Before our invention IBM has created through the 
Work of manly highly talented engineers beginning With 
machines knoWn as the IBM System 360 in the 1960s to the 
present, a special architecture Which, because of its essential 
nature to a computing system, became knoWn as “the main 
frame” Whose principles of operation state the architecture of 
the machine by describing the instructions Which may be 
executed upon the “mainframe” implementation of the 
instructions Which had been invented by IBM inventors and 
adopted, because of their signi?cant contribution to improv 
ing the state of the computing machine represented, by “the 
mainframe”, as signi?cant contributions by inclusion in 
IBM’s Principles of Operation as stated over the years. The 
First Edition of the Z/Archileclure Principles of Operation 
Which Was published December, 2000 has become the stan 
dard published reference as SA22-7832-00. We determined 
that further neW instructions Would assist the art and could be 
included in a Z/Architecture machine and also emulated by 
others in simpler machines, as described herein. 

BRIEF SUMMARY OF THE INVENTION 

[0004] It is a primary object of the present invention to 
provide CPU-synchronous, problem-state, and sectioning 
instructions for enciphering and deciphering locations in 
computer storage. 
[0005] It is another object of the present invention to pro 
vide an instruction Which provides the encryption key for 
performing the enciphering or deciphering operation. 
[0006] It is another object of the present invention to pro 
vide an instruction Which speci?es the memory to be enci 
phered or deciphered. 
[0007] It is another object of the present invention to pro 
vide an instruction Which enciphers or deciphers a plurality of 
memory locations in a chaining operation. 
[0008] It is another object of the present invention to pro 
vide for enciphering or deciphering memory locations by 
emulating another computer system Which executes the 
instruction. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0009] These and other objects Will be apparent to one 
[001 0] skilled in the art from the folloWing detailed descrip 
tion of the invention taken in conjunction With the accompa 
nying draWings in Which: 
[0011] FIG. 1 is the Cipher Message (KM) instruction in 
the RE instruction format; 
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[0012] FIG. 2 is the Cipher Message With Chaining (FMC) 
instruction in the RE instruction format; 
[0013] FIG. 3 is a table shoWing the function codes for the 
Cipher Message instruction of FIG. 1; 
[0014] FIG. 4 is a table shoWing the function codes for the 
Cipher Message With Chaining instruction of FIG. 2; 
[0015] FIG. 5 is a representation of the general register 
assignments for the KM and FMC instructions; 
[0016] FIG. 6 illustrates the symbol for the Bit-Wise Exclu 
sive Or according to Prior Art; 
[0017] FIG. 7 illustrates the symbols for DEA Encryption 
and Decryption according to Prior Art; 
[0018] FIG. 8 illustrates the format for the parameter block 
of the KM-Query; 
[0019] FIG. 9 illustrates the parameter block of KM-DEA 
according to Prior Art; 
[0020] FIG. 10 illustrates the KM-DEA Encipher Opera 
tion according to Prior Art; 
[0021] FIG. 11 illustrates the KM-DEA Decipher Opera 
tion according to Prior Art; 
[0022] FIG. 12 illustrates the format for the parameter 
block for KM-TDA-l28 according to Prior Art; 
[0023] FIG. 13 illustrates the KM-TDEA-l28 Encipher 
Operation according to Prior Art; 
[0024] FIG. 14 illustrates the KM-TDEA-l28 Decipher 
Operation according to Prior Art; 
[0025] FIG. 15 illustrates the format for the parameter 
block for KM-TDEA-l 92 according to Prior Art; 
[0026] FIG. 16 illustrates the KM-TDEA-l92 Encipher 
Operation according to Prior Art; 
[0027] FIG. 17 illustrates the KM-TDEA-l92 Decipher 
Operation according to Prior Art; 
[0028] FIG. 18 illustrates the format for the parameter 
block for KMC-Query; 
[0029] FIG. 19 illustrates the format for the parameter 
block for KMC-DEA according to Prior Art; 
[0030] FIG. 20 illustrates the KMC-DEA Encipher Opera 
tion according to Prior Art; 
[0031] FIG. 21 illustrates the KMC-DEA Decipher Opera 
tion according to Prior Art; 
[0032] FIG. 22 illustrates the format for the parameter 
block for KMC-TDEA-l28 according to Prior Art; 
[0033] FIG. 23 illustrates the KMC-TDEA-l28 Encipher 
Operation according to Prior Art; 
[0034] FIG. 24 illustrates the KMC-TDEA-l28 Decipher 
Operation according to Prior Art; 
[0035] FIG. 25 illustrates the format for the parameter 
block for KMC-TDEA-l28 according to Prior Art; 
[0036] FIG. 26 illustrates the KMC-TDEA-l92 Encipher 
Operation according to Prior Art; 
[0037] FIG. 27 illustrates the KMC-TDEA-l92 Decipher 
Operation according to Prior Art; 
[0038] FIG. 28 is a table shoWing the priority of execution 
of KM and KMC; 
[0039] FIG. 29 illustrates our cryotographic coprocessor; 
and 
[0040] FIG. 30 shoWs the generaliZed preferred embodi 
ment of a computer memory storage containing instructions 
in accordance With the preferred embodiment and data, as 
Well as the mechanism for fetching, decoding and executing 
these instructions, either on a computer system employing 
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these architected instructions or as used in emulation of our 
architected instructions according to Prior Art. 

DETAILED DESCRIPTION OF THE INVENTION 

[0041] The CIPHER MESSAGE (KM) instruction and the 
CIPHER MESSAGE WITH CHAINING (KMC) instruction 
Will ?rst be discussed, followed by a discussion of the pre 
ferred computer system for executing these instructions. In 
the alternative, a second preferred computer system Which 
emulates another computer system for executing these 
instructions Will be discussed. 

Cipher Message (KM) 
[0042] FIG. 1 is the Cipher Message (KM) instruction in 
the RRE instruction format. 

Cipher Message With Chaining (KMC) 

[0043] FIG. 2 is the Cipher Message With Chaining (KMC) 
instruction in the RRE instruction format. 
[0044] A function speci?ed by the function code in general 
register 0 is performed. 
[0045] Bits 16-23 of the instruction are ignored. Bit posi 
tions 57-63 of general register 0 contain the function code. 
FIGS. 3 and 4 shoW the assigned function codes for CIPHER 
MESSAGE and CIPHER MESSAGE WITH CHAINING, 
respectively. All other function codes are unassigned. For 
cipher functions, bit 56 is the modi?er bit Which speci?es 
Whether an encryption or a decryption operation is to be 
performed. The modi?er bit is ignored for all other functions. 
All other bits of general register 0 are ignored. General reg 
ister 1 contains the logical address of the leftmost byte of the 
parameter block in storage. In the 24-bit addressing mode, the 
contents of bit positions 40-63 of general register 1 constitute 
the address, and the contents of bit positions 0-39 are ignored. 
In the 31-bit addressing mode, the contents of bit positions 
33-63 of general register 1 constitute the address, and the 
contents of bit positions 0-32 are ignored. 
[0046] In the 64-bit addressing mode, the contents of bit 
positions 0-63 of general register 1 constitute the address. 
[0047] The function codes for CIPHER MESSAGE are 
shoWn in FIG. 3. 
[0048] The function codes for CIPHER MESSAGE WITH 
CHAINING are shoWn in FIG. 4. 

[0049] All other function codes are unassigned. The query 
function provides the means of indicating the availability of 
the other functions. The contents of general registers R1, R2, 
and R1+l are ignored for the query function. 
[0050] For all other functions, the second operand is 
ciphered as speci?ed by the function code using a crypto 
graphic key in the parameter block, and the result is placed in 
the ?rst-operand location. For CIPHER MESSAGE WITH 
CHAINING, ciphering also uses an initial chaining value in 
the parameter block, and the chaining value is updated as part 
of the operation. 
[0051] The R1 ?eld designates a general register and must 
designate an even-numbered register; otherWise, a speci?ca 
tion exception is recognized. 
[0052] The R2 ?eld designates an even-odd pair of general 
registers and must designate an even-numbered register; oth 
erWise, a speci?cation exception is recognized. 
[0053] The location of the leftmost byte of the ?rst and 
second operands is speci?ed by the contents of the R1 and R2 
general registers, respectively. The number of bytes in the 
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second-operand location is speci?ed in general register R2+l . 
The ?rst operand is the same length as the second operated. 

[0054] As part of the operation, the addresses in general 
registers R1 and R2 are incremented by the number of bytes 
processed, and the length in general register R2+l is decre 
mented by the same number. The formation and updating of 
the addresses and length is dependent on the addressing 
mode. 

[0055] In the 24-bit addressing mode, the contents of bit 
positions 40-63 of general registers R1 and R2 constitute the 
addresses of the ?rst and second operands, respectively, and 
the contents of bit positions 0-39 are ignored; bits 40-63 of the 
updated addresses replace the corresponding bits in general 
registers R1 and R2, carries out of bit position 40 of the 
updated address are ignored, and the contents of bit positions 
32-39 of general registers R1 and R2 are set to Zeros. In the 
31-bit addressing mode, the contents of bit positions 33-63 of 
general registers R1 and R2 constitute the addresses of the 
?rst and second operands, respectively, and the contents of bit 
positions 0-32 are ignored; bits 33-63 of the updated 
addresses replace the corresponding bits in general registers 
R1 and R2, carries out of bit position 33 of the updated 
address are ignored, and the content of bit position 32 of 
general registers R1 and R2 is set to Zero. In the 64-bit 
addressing mode, the contents of bit positions 0-63 of general 
registers R1 and R2 constitute the addresses of the ?rst and 
second operands, respectively; bits 0-63 of the updated 
addresses replace the contents of general registers R1 and R2, 
and carries out of bit position 0 are ignored. 

[0056] In both the 24-bit and the 31-bit addressing modes, 
the contents of bit positions 32-63 of general register R2+l 
form a 32-bit unsigned binary integer Which speci?es the 
number of bytes in the ?rst and second operands, and the 
contents of bit positions 0-31 are ignored; bits 32-63 of the 
updated value replace the corresponding bits in general reg 
ister R2+l. In the 64-bit addressing mode, the contents of bit 
positions 0-63 of general register R2+l form a 64-hit 
unsigned binary integer Which speci?es the number of bytes 
in the ?rst and second operands; and the updated value 
replaces the contents of general register R2+l. 
[0057] In the 24-bit or 31-bit addressing mode, the contents 
of bit positions 0-31 of general registers R1, R2, and R2+l, 
alWays remain unchanged. FIG. 5 shoWs the contents of the 
general registers just described. 
[0058] In the access-register mode, access registers 1, R1, 
and R2 specify the address spaces containing the parameter 
block, ?rst, and second operands, respectively, 
[0059] The result is obtained as if processing starts at the 
left end of both the ?rst and second operands and proceeds to 
the right, block by block. The operation is ended When the 
number of bytes in the second operand as speci?ed in general 
register R2+l have been processed and placed, at the ?rst 
operand location (called normal completion) or When a CPU 
determined number of blocks that is less than the length of the 
second operand have been processed (called partial comple 
tion). The CPU-deterrnined number of blocks depends on the 
model, and may be a different number each time the instruc 
tion is executed. The CPU-deterrnined number of blocks is 
usually nonZero. In certain unusual situations, this number 
may be Zero, and condition code 3 may be set With no 
progress. HoWever, the CPU protects against endless reoccur 
rence of this no-progress case. 
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[0060] The results in the ?rst-operand location and the 
chaining-value ?eld are unpredictable if any of the following 
situations occur: 

[0061] l. The cryptographic-key ?eld overlaps any portion 
of the ?rst operand. 

[0062] 2. The chaining-value ?eld overlaps any portion of 
the ?rst operand or the second operand. 

[0063] 3. The ?rst and second operands overlap destruc 
tively. Operands are said to overlap destructively When the 
?rst-operand location Would be used as a source after data 
Would have been moved into it, assuming processing to be 
performed from left to right and one byte at a time. 

[0064] When the operation ends due to normal completion, 
condition code 0 is set and the resulting value in R2+l is Zero. 
When the operation ends due to partial completion, condition 
code 3 is set and the resulting value in R2+l is nonZero. 

[0065] When a storage-alteration PER event is recognized, 
feWer than 4 K additional bytes are stored into the ?rst 
operand locations before the event is reported. 

[0066] When the second-operand length is initially Zero, 
the parameter block, ?rst, and second operands are not 
accessed, general registers R1, R2, and R2+l are not changed, 
and condition code 0 is set. 

[0067] When the contents of the R1 and R2 ?elds are the 
same, the contents of the designated registers are incremented 
only by the number of bytes processed, not by tWice the 
number of bytes processed. 
[0068] As observed by other CPUs and channel programs, 
references to the parameter block and storage operands may 
be multiple access references, accesses to these storage loca 
tions are not necessarily block-concurrent, and the sequence 
of these accesses or references is unde?ned. 

[0069] In certain unusual situations, instruction execution 
may complete by setting condition code 3 Without updating 
the registers and chaining value to re?ect the last unit of the 
?rst and second operands processed. The siZe of the unit 
processed in this case depends on the situation and the model, 
but is limited such that the portion of the ?rst and second 
operands Which have been processed and not reported do not 
overlap in storage. In all cases, change bits are set and PER 
storage-alteration events are reported, When, applicable, for 
all ?rst-operand locations processed. 
[0070] Access exceptions may be reported for a larger por 
tion of an operand than is processed in a single execution of 
the instruction; hoWever, access exceptions are not recog 
niZed for locations beyond the length of an operand nor for 
locations more than 4 K bytes beyond the current location 
being processed. 

Symbols Used in Function Descriptions 

[0071] The folloWing symbols are used in the subsequent 
description of the CIPHER MESSAGE and CIPHER MES 
SAGE WITH CHAINING functions. For data-encryption 
algorithm (DEA) functions, the DEA-key-parity bit in each 
byte of the DEA key is ignored, and the operation proceeds 
normally, regardless of the DEA-key parity of the key. Further 
description of the data-encryption algorithms may be found 
in Data Encryption Algorithm, ANSI-X3.92.l98 l , American 
National Standard for Information Systems. 
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[0072] FIG. 6 illustrates the symbol for the Bit-Wise Exclu 
sive Or, FIG. 7 illustrates the symbols for DEA Encryption 
an$ Decryption. 

KM-Query (KM Function Code 0) 

[0073] The locations of the operands and addresses used by 
the instruction are as shoWn in FIG. 5. 

[0074] The parameter block used for the function KM 
Query has the format shoWn in FIG. 8. 
[0075] A 128-bit status Word is stored in the parameter 
block. Bits 0-127 of this ?eld correspond to function codes 
0-127, respectively, of the CIPHER MESSAGE instruction. 
When a bit is one, the corresponding function is installed; 
otherWise, the function is not installed. 
[0076] Condition code 0 is set When execution of the KM 
Query function completes; condition code 3 is not applicable 
to this function. 

KM-DEA (KM Function Code 1) 

[0077] The locations of the operands and addresses used by 
the instruction are as shoWn in FIG. 5. 

[0078] The parameter block used for the function KM 
DEA has the format shoWn in FIG. 9. 

[0079] When the modi?er bit in general register 0 is Zero, 
an encipher operation is performed. The 8-byte plaintext 
blocks (P1, P2, . . . , Pn) in operand 2 are enciphered using the 
DEA algorithm With the 64-bit cryptographic key in the 
parameter block. Each plaintext block is independently enci 
phered; that is, the encipher operation is performed Without 
chaining. The ciphertext blocks (C1, C2, . . . , Cn) are stored 
in operand 1. The operation is shoWn in FIG. 10. 
[0080] When the modi?er bit in general register 0 is one, a 
decipher operation is performed. The 8-byte ciphertext 
blocks (C1, C2, . . . , Cn) in operand 2 are decipheredusing the 
DEA algorithm With the 64-bit cryptographic key in the 
parameter block. Each ciphertext block is independently 
deciphered; that is, the decipher operation is performed With 
out chaining. The plaintext blocks (P1, P2, . . . , Pn) are stored 
in operand 1. The KM-DEA decipher operation is shoWn in 
FIG. 11. 

KM-TDEA-l28 (KM Function Code 2) 

[0081] The locations of the operands and addresses used by 
the instruction are as shoWn in FIG. 5. The parameter block 
used for the KM-TDEA-l28 function is shoWn in FIG. 12. 

[0082] When the modi?er bit in general register 0 is Zero, 
an encipher operation is performed. The 8-byte plaintext 
blocks (P1, P2, . . . , Pn) in operand 2 are enciphered using the 
TDEA (triple DEA) algorithm With the tWo 64-bit crypto 
graphic keys in the parameter block. Each plaintext block is 
independently enciphered; that is, the encipher operation is 
performed Without chaining, The ciphertext blocks (C1, C2, . 
. . , Cn) are stored in operand 1. The KM-TDEA-l28 encipher 
operation is shoWn in FIG. 13. 

[0083] When the modi?er bit in general register 0 is one, a 
decipher operation is performed. The 8-byte ciphertext 
blocks (C1, C2, . . . , Cn) in operand 2 are decipheredusing the 
TDEA 

[0084] algorithm, With the tWo 64-bit cryptographic keys in 
the parameter block. Each ciphertext block is independently 
deciphered; that is, the decipher operation is performed With 
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out chaining. The plaintext blocks (P1, P2, . . . , Pn) are stored 
in operand 1. The KM-TDEA-l28 decipher operation is 
shown in FIG. 14. 

KM-TDEA-l 92 (KM Function Code 3) 

[0085] The locations of the operands and addresses used by 
the instruction are as shoWn in FIG. 5. 
[0086] The parameter block used for the KM-TDEA-l92 
function has the format shoWn in FIG. 15. 
[0087] When the modi?er bit in general register 0 is Zero, 
an encipher operation is performed. The 8-byte plaintext 
blocks (P1, P2, . . . , Pn) in operand 2 are enciphered using the 
TDEA algorithm With the three 64-bit cryptographic keys in 
the parameter block. Each plaintext block is independently 
enciphered; that is, the encipher operation is performed With 
out chaining. The ciphertext blocks (c1, C2, . . . , Cn) are 
stored in operand 1. The KM-TDEA-l92 encipher operation 
is shoWn in FIG. 16. 
[0088] When the modi?er bit in general register 0 is one, a 
decipher operation is performed. The 8-byte ciphertext 
blocks (C1, C2, . . . , Cn) in operand 2 are decipheredusing the 
TDEA algorithm With the three 64-bit cryptographic keys in 
the parameter block. Each ciphertext block is independently 
deciphered; that is, the decipher operation is performed With 
out chaining. The plaintext blocks (P1, P2, . . . , Pn) are stored 
in operand 1. The KM-TDEA-l92 decipher operation is 
shoWn in FIG. 17. 
KMC-Query (KMC Function code 0) 
[0089] The locations of the operands and addresses used by 
the instruction are as shoWn in FIG. 5. 

[0090] The parameter block used for the KMC-Query func 
tion has the format shoWn in FIG. 18. 
[0091] A 128-bit status Word is stored in the parameter 
block. Bits 0-127 of this ?eld correspond to function codes 
0-127, respectively, of the CIPHER MESSAGE WITH 
CHAINING instruction. When a bit is one, the corresponding 
function is installed; otherWise, the function is not installed. 
[0092] Condition code 0 is set When execution of the KMC 
Query function completes; condition code 3 is not applicable 
to this function. 

KMC-DEA (KMC Function Code 1) 

[0093] The locations of the operands and addresses used by 
the instruction are as shoWn in FIG. 5. 
[0094] The parameter block used for the KMC-DEA func 
tion has the format shoWn in FIG. 19. 
[0095] When the modi?er bit in general register 0 is Zero, 
an encipher operation is performed. The 8-byte plaintext 
blocks (P1, P2, . . . , Pn) in operand 2 are enciphered using the 
DEA algorithm With the 64-bit cryptographic key and the 
64-bit chaining value in the parameter block. 
[0096] The chaining value, called the initial chaining value 
(ICV), for deriving the ?rst ciphertext block is the chaining 
value in the parameter block; the chaining value for deriving 
each subsequent ciphertext block is the corresponding previ 
ous ciphertext block. The ciphertext blocks (C1, C2, . . . , Cn) 
are stored in operand 1. The last ciphertext block is the output 
chaining value (OCV) and is stored into the chaining-value 
?eld of the parameter block. The KMC-DEA encipher opera 
tion is shoWn in FIG. 20. 
[0097] When the modi?er bit in general register 0 is one, a 
decipher operation is performed. The 8-byte ciphertext 
blocks (C1, C2, . . . , Cn) in operand 2 are decipheredusing the 
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DEA algorithm With the 64-bit cryptographic key and the 
64-bit chaining value in the parameter block. 
[0098] The chaining value, called the initial chaining value 
(ICV), for deriving the ?rst plaintext block is in the parameter 
block; the chaining value for deriving each subsequent plain 
text block is the corresponding previous ciphertext block. The 
plaintext blocks (P1, P2, . . . , Pn) are stored in operand 1. The 
last ciphertext block is the output chaining value (OCV) and 
is stored into the chaining-value ?eld in the parameter block. 
The KMC-DEA decipher operation is shoWn in FIG. 21. 
KMC-TDEA-l28 (KMC Function code 2) 
[0099] The locations of the operands and addresses used by 
the instruction are as shoWn in FIG. 5. 

[0100] The parameter block used for the KMC-TDEA-l28 
function has the format shoWn in FIG. 22. 
[0101] When the modi?er bit in general register 0 is Zero, 
an encipher operation is performed. The 8-byte plaintext 
blocks (P1, P2, . . . , Pn) in operand 2 are enciphered using the 
TDEA algorithm With the tWo 64-bit cryptographic keys and 
the 64-bit chaining value in the parameter block. 
[0102] The chaining value, called the initial chaining value 
(ICV), for deriving the ?rst ciphertext block is the chaining 
value in the parameter block; the chaining value for deriving 
each subsequent ciphertext block is the corresponding previ 
ous ciphertext block. The ciphertext blocks (C1, C2, . . . , Cn) 
are stored in operand 1. The last ciphertext block is the output 
chaining value (OCV) and is stored into the chaining-value 
?eld of the parameter block. The KMC-TDEA-l28 encipher 
operation is shoWn in FIG. 23. 
[0103] When the modi?er bit in general register 0 is one, a 
decipher operation is performed. The 8-byte ciphertext 
blocks (C1, C2, . . . , Cn) in operand 2 are decipheredusing the 
TDEA algorithm With the tWo 64-bit cryptographic keys and 
the 64-bit chaining value in the parameter block. 
[0104] The chaining value, called the initial chaining value 
(ICV), for deriving the ?rst plaintext block, is in the param 
eter block; the chaining value for deriving each subsequent 
plaintext block is the corresponding previous ciphertext 
block. The plaintext blocks (P1, P2, . . . , Pn) are stored in 
operand 1. The last ciphertext block is the output chaining 
value (OCV) and is stored into the chaining-value ?eld in the 
parameterblock. The KMC-TDEA-l28 operation is shoWn in 
FIG. 24. 

KMC-TDEA-l92 (KMC Function Code 3) 

[0105] The locations of the operands and addresses used by 
the instruction are as shoWn in FIG. 5. 

[0106] The parameter block used for the KMC-TDEA-l 92 
function has the format shoWn in FIG. 25. 
[0107] When the modi?er hit in general register 0 is Zero, 
an encipher operation is performed. The 8-byte plaintext 
blocks (P1, P2, . . . . , Pn) in operand 2 are encipheredusing the 

TDEA algorithm With the three 64 -bit cryptographic keys and 
the 64-bit chaining value in the parameter block. 
[0108] The chaining value, called the initial chaining value 
(ICV), for deriving the ?rst ciphertext block is the chaining 
value in the parameter block; the chaining value for deriving 
each subsequent ciphertext block is the corresponding previ 
ous ciphertext block. The ciphertext blocks (C1, C2, . . . . , Cn) 

are stored in operand 1. The last ciphertext block is the output 
chaining value (OCV) and is stored into the chaining-value 
?eld of the parameter block. The KMC-TDEA- l 92 encipher 
operation is shoWn in FIG. 26. 
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[0109] When the modi?er hit in general register 0 is one, a 
decipher operation is performed. The 8-byte ciphertext 
blocks (C1, C2, . . . , Cn) in operand 2 are decipheredusing the 
TDEA algorithm With the three 64-bit cryptographic keys and 
the 64-bit chaining value in the parameter block. 
[0110] The chaining value, called the initial chaining value 
(ICV), for deriving the ?rst plaintext block is in the parameter 
block; the chaining value for deriving each subsequent plain 
text block is the corresponding previous ciphertext block. The 
plaintext blocks (P1, P2, . . , Pn) are stored in operand 1. The 
last ciphertext block is the output chaining value (OCV) and 
is stored into the chaining-value ?eld in the parameter block. 
The KMC-TDEA-l92 decipher operation is shoWn in FIG. 
27. 

Special Conditions for KM and KMC 

[0111] A speci?cation exception is recogniZed and no other 
action is taken if any of the folloWing occurs: 
[0112] l. Bits 57-63 of general register 0 specify an unas 

signed or uninstalled function code. 
[0113] 2. The R1 or R2 ?eld designates an odd-numbered 

register or general register 0. 
[0114] 3. The second operand length is not a multiple of the 

data block siZe of the designated function (see FIG. 3 to 
determine the data block siZes for CIPHER MESSAGE 
functions; see FIG. 4 to determine the data block siZes for 
CIPHER MESSAGE WITH CHAINING functions). This 
speci?cation-exception condition does not apply to the 
query functions. 

[0115] Resulting Condition Code 
[0116] Normal completion 
[0117] l i 

[0118] 2 i 

[0119] 3 Partial completion 
[0120] Program Exceptions 
[0121] Access (fetch, operand 2 and cryptographic key; 

store, operand 1; fetch and store, chaining value) 
[0122] Operation (if the message-security assist is not 

installed) 
[0123] Speci?cation 
[0124] FIG. 28 is a table shoWing the priority of execution 
of KM and KMC. 

Programming Notes 

[0125] l . When condition code 3 is set, the general registers 
containing the operand addresses and length, and, for 
CIPHER MESSAGE WITH CHAINING, the chaining value 
in the parameter block, are usually updated such that the 
program can simply branch back to the instruction to continue 
the operation. 
[0126] For unusual situations, the CPU protects against 
endless reoccurrence of the no- progress case and also pro 
tects against setting condition code 3 When the portion of the 
?rst and second operands to be reprocessed overlap in stor 
age. Thus, the program can safely branch back to the instruc 
tion Whenever condition code 3 is set With no exposure to an 
endless loop and no exposure to incorrectly retrying the 
instruction. 
[0127] 2. If the length of the second operand is nonZero 
initially and condition code 0 is set, the registers are updated 
in the same manner as for condition code 3. For CIPHER 
MESSAGE WITH CHAINING, the chaining value in this 
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case is such that additional operands can be processed as if 
they Were part of the same chain. 
[0128] 3. To save storage, the ?rst and second operands may 
overlap exactly or the starting point of the ?rst operand may 
be to the left of the starting point of the second operand. In 
either case, the overlap is not destructive. 

Crypto Coprocessor 

[0129] The preferred embodiment provides a crypto copro 
cessor Which can be used With the instructions described 
herein and to execute cipher messages and assist in a variety 
of chaining message tasks Which can be employed for chained 
and cryptographic use With the appropriate instructions. 
[0130] FIG. 29 illustrates our cryptographic coprocessor 
Which is directly attached to a data path common to all inter 
nal execution units on the general purpose microprocessor, 
Which has multiple execution pipelines. The microprocessor 
internal bus (1) is common to all other execution units is 
attached to the cryptographic control unit (2), and the control 
unit Watches the bus for processor instructions that it should 
execute. 

[0131] The cryptographic control unit provides a crypto 
graphic coprocessor directly attached to a data path common 
to all internal execution units of the central processing unit on 
a general purpose microprocessor providing the available 
hardWare (E0. . . Enl), or from a combination thereof in the 
preferred embodiment having multiple execution pipelines) 
for the central processing unit. When a cryptographic instruc 
tion is encountered in the command register (3), the control 
unit (2) invokes the appropriate algorithm irons the available 
hardWare. Operand data is delivered over the same internal 
microprocessor bus via an input FIFO register (4). When, an 
operation is completed the a ?ag is set in a status register (6) 
and the results are available to be read out from the output 
FIFO register (5). 
[0132] The illustrated preferred embodiment of our inven 
tion is designed to be extensible to include as many hardWare 
engines as required by a particular implementation depending 
on the performance goals of the system. The data paths to the 
input and output registers (7) are common among all engines. 
[0133] The preferred embodiment of the invention crypto 
graphic functions are implemented in execution unit hard 
Ware on the CPU and this implementation enables a loWer 
latency for calling and executing encryption operations and 
increases the ef?ciency. 
[0134] This decreased latency greatly enhances the capa 
bility of general purpose processors in systems that fre 
quently do many encryption operations, particularly When 
only small amounts of data are involved. This alloWs an 
implementation that can signi?cantly accelerate the pro 
cesses involved in doing secure online transactions. The most 
common methods of securing online transactions involve a 
set of three algorithms. The ?rst algorithm is only used one 
time in a session, and may be implemented in hardWare or 
softWare, While the other operations are invoked With every 
transaction of the session, and the cost in latency of calling 
external hardWare as Well as the cost in time to execute the 
algorithm in softWare are both eliminated With this invention. 
[0135] In FIG. 30 We have shoWn conceptually hoW to 
implement What We have in a preferred embodiment imple 
mented in a mainframe computer having the microprocessor 
described above Which can effectively be used, as We have 
experimentally proven Within IBM, in a commercial imple 
mentation of the long displacement facility computer archi 



US 2008/0201554 A1 

tected instruction format the instructions are used by pro 
grammers, usually today “C” programmers. These 
instruction formats stored in the storage medium may be 
executed natively in a Z/Architecture IBM Server, or alterna 
tively in machines executing other architectures. They can be 
emulated in the existing and in future IBM mainframe servers 
and on other machines of IBM (e.g. pSeries servers and 
xSeries Servers). They can be executed in machines running 
Linux on a Wide variety of machines using hardWare manu 
factured by IBM, Intel, AMD, Sun Microsystems and others. 
Besides execution on that hardWare under a Z/Architecture, 
Linux can be used as Well as machines Which use emulation 

by Hercules, UMX, FXI or Platform Solutions, Where gener 
ally execution is in an emulation mode. In emulation mode the 
speci?c instruction being emulated is decoded, and a subrou 
tine built to implement the individual instruction, as in a “C” 
subroutine or driver, or some other method of providing a 
driver for the speci?c hardWare as is Within the skill of those 
in the art after understanding the description of the preferred 
embodiment. Various softWare and hardWare emulation pat 
ents including, but not limited to US. Pat. No. 5,551,013 for 
a “Multiprocessor for hardWare emulation” of Beausoleil et 
al., and US. Pat. No. 6,009,261: Preprocessing of stored 
target routines for emulating incompatible instructions on a 
target processor” of ScalZi et al; and US. Pat. No. 5,574,873: 
Decoding guest instruction to directly access emulation rou 
tines that emulate the guest instructions, of Davidian et al. 
US. Pat. No. 6,308,255: Symmetrical multiprocessing bus 
and chipset used for coprocessor support alloWing non-native 
code to run in a system, of Gorishelt et al; and US. Pat. No. 
6,463,582: Dynamic optimiZing object code translator for 
architecture emulation and dynamic optimiZing object code 
translation method of Lethin et al; and US. Pat. No. 5,790, 
825: Method for emulating guest instructions on a host com 
puter through dynamic recompilation of host instructions of 
Eric Traut; and many others, illustrate the a variety of knoWn 
Ways to achieve emulation of an instruction format archi 
tected for a different machine for a target machine available to 
those skilled in the art, as Well as those commercial softWare 
techniques used by those referenced above. 
[0136] As illustrated by FIG. 30, these instructions are 
executed in hardWare by a processor or by emulation of said 
instruction set by softWare executing on a computer having a 
different native instruction set. 

[0137] In FIG. 30, #501 shoWs a computer memory storage 
containing instructions and data. The instructions described 
in this invention Would initially stored in this computer. #502 
shoWs a mechanism for fetching instructions from a computer 
memory and may also contain local buffering of these instruc 
tions it has fetched. Then the raW instructions are transferred 
to an instruction decoder, #503, Where it determines What 
type of instruction has been fetched. #504, shoWs a mecha 
nism for executing instructions. This may include loading 
data into a register front memory, #501, storing data back to 
memory from a register, or performing some type of arith 
metic or logical operation. This exact type of operation to be 
performed has been previously determined by the instruction 
decoder. The instructions described in this invention Would be 
executed here. If the instructions are being executed natively 
on a computer system, then this diagram is complete as 
described above. HoWever, if an instruction set architecture, 
is being emulated on another computer, the above process 
Would be implemented in softWare on a host computer, #505. 
In this case, the above stated mechanisms Would typically be 
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implemented as one or more softWare subroutines Within the 
emulator softWare. In both cases an instruction is fetched, 
decoded and executed. 
[0138] As illustrated by FIG. 30, these instructions are 
executed in hardWare by a processor or by emulation of said 
instruction set by softWare executing on a computer having a 
different native instruction set. 
[0139] Furthermore, the preferred computer architecture 
has an instruction format such that the opcode is in bit posi 
tions 0 through 15. 
[0140] While the preferred embodiment of the invention 
has been illustrated and described herein, it is to be under 
stood that the invention is not limited to the precise construc 
tion herein disclosed, and the right is reserved to all changes 
and modi?cations coming Within the scope of the invention as 
de?ned in the appended claims. 

What is claimed is: 
1. A method for executing an multi-function instruction in 

a computer system, the method comprising the steps of: 
fetching the multi-function instruction for execution; and 
executing the fetched instruction, the executing step com 

prising the steps of; 
1) if the multi-function operation to be performed is a 

function query operation, performing steps a) through 
b), comprising: 

a) determining for each of one or more multi-function 
operations Whether a corresponding multi-function 
function is installed on the computer system for 
execution by a multi-function instruction; and 

b) saving a status Word, the status Word comprising one 
or more status Word bits, each one of the one or more 

status Word bits indicating Whether a corresponding 
multi-function function is installed on said computer 
system, each one of the one or more status Word bits 
having a position in the status Word corresponding to 
the corresponding multi-function function; 

2) if the multi-function operation to be performed is a 
multi-function operation other than the query opera 
tion, performing the multi-function operation. 

2. The method according to claim 1, Wherein performing 
step 2) comprises the further steps of: 

obtaining an encryption key; and 
performing an encryption operation on data identi?ed by 

said multi-function instruction. 
3. The method according to claim 1, Wherein performing 

step 2) comprises the farther steps of: 
obtaining an encryption key; and 
performing a decryption operation on data identi?ed by 

said multi-function instruction. 
4. The method according to claim 1, Wherein the multi 

function instruction is a format native to the instruction archi 
tecture of the processor. 

5. The method according to claim 1, Wherein When the 
multi-function instruction is not native to the machine 
instruction architecture of the processor, the method com 
prises the further steps of: 

interpreting the multi-function instruction to identify a pre 
determined softWare routine for emulating the operation 
of the cipher message instruction, the predetermined 
softWare routine comprising a plurality of instructions; 
and 

executing the predetermined softWare routine. 
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6. A computer program product for executing a multi 
function instruction in a computer system, the computer pro 
gram product comprising: 

a storage medium readable by a processing circuit and 
storing instructions for execution by the processing cir 
cuit for performing a method comprising: 

fetching the multi-function instruction for execution; and 
executing the fetched instruction, the executing step 
comprising the steps of: 

l)if the multi-function operation to be performed is a func 
tion query operation, performing steps a) through b) 
comprising: 

a) determining for each of one or more multi-function 
operations Whether a corresponding multi-function 
function is installed on the computer system for execu 
tion by a multi-function instruction; and 

b) saving a status Word, the status Word comprising one or 
more status Word bits, each one of the one or more status 

Word bits indicating Whether a corresponding multi 
function function is installed on said computer system, 
each one of the one or more status Word bits having a 
position in the status Word corresponding to the corre 
sponding multi-function function; 

2) if the multi-function operation to he performed is a 
multi-function operation other than the query operation, 
performing the multi-function operation. 

7. The method according to claim 6, Wherein performing 
step 2) comprises the further steps of: 

obtaining an encryption key; and 
performing an encryption operation on data identi?ed by 

said multi-function instruction. 
8. The computer program product according to claim 6, 

Wherein performing step 2) comprises the further steps of: 
obtaining an encryption key; and 
performing a decryption operation on data identi?ed by 

said multi-function instruction. 
9. The computer program product according to claim 6, 

Wherein the multi-function instruction is a format native to 
the instruction architecture of the processor. 

10. The computer program product according to claim 6, 
Wherein When the multi-function instruction is not native to 
the machine instruction architecture of the processor, the 
method comprises the further steps of: 

interpreting the multi-function instruction to identify a pre 
determined softWare routine for emulating the operation 
of the cipher message instruction, the predetermined 
softWare routine comprising a plurality of instructions; 
and 

executing the predetermined softWare routine. 
11. A system for executing a multi-function instruction in a 

computer system, the cipher message instruction comprising 
a query function, the system comprising: 
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a computer memory; 
a plurality of general registers, a general purpose processor 

in communications With the computer memory, the pro 
cessor comprising one or more execution units, the 
execution units executing instructions fetched from the 
computer memory; 

fetching the multi-function instruction for execution; and 
executing the fetched instruction, the executing step com 

prising the steps of: 
Wherein the computer system includes instructions to 

execute a method comprising the steps of: 
fetching the multi-function instruction for execution; and 
executing the fetched instruction, the executing step com 

prising the steps of: 
1) if the multi-function operation to be performed is a 

function query operation, performing steps a) through 
b), comprising: 

a) determining for each of one or more multi-function 
operations Whether a corresponding multi-function 
function is installed on the computer system for execu 
tion by a multi-function instruction; and 

b) saving a status Word, the status Word comprising one or 
more status Word bits, each one of the one or more status 
Word bits indicating Whether a corresponding multi 
function function is installed on said computer system, 
each one of the one or more status Word bits having a 
position in the status Word corresponding to the corre 
sponding multi-function function; 

2) if the multi-function operation to be performed is a 
multi-function operation other than the query operation, 
performing the multi-function operation. 

12. The system according to claim 11, Wherein performing 
step 2) comprises the further steps of: 

obtaining an encryption key; and 
performing an encryption operation on data identi?ed by 

said multi-function instruction. 
13. The system according to claim 11 Wherein performing 

step 2) comprises the further steps of: 
obtaining an encryption key; and 
performing a decryption operation on data identi?ed by 

said multi-function instruction. 
14. The system according to claim 11, Wherein the multi 

function instruction is a format native to the instruction archi 
tecture of the processor. 

15. The system according to claim 11, Wherein When the 
multi-function instruction is not native to the machine 
instruction architecture of the processor, the method com 
prises the further steps of: 

interpreting the multi-function instruction to identify a pre 
determined softWare routine for emulating the operation 
of the cipher message instruction, the predetermined 
softWare routine comprising a plurality of instructions; 
and 

executing the predetermined softWare routine. 

* * * * * 


